Continuous peripheral nerve block is an increasingly popular method of providing acute postoperative analgesia. Difficulty in removing the peripheral nerve catheter is a rare, but potentially serious complication. The usual mechanism of entrapment in early reports involved knot formation in polyamide non-stimulating catheters that were advanced at least 8 to 10 cm beyond the needle tip [1] [2] [3] [4] , and this led to recommendations that insertion depths be limited to 5 cm or less. Despite this, reports of catheter entrapment have recently surfaced, usually involving stimulating catheters without knot formation, which suggests that other mechanisms of entrapment are responsible [5] [6] [7] [8] [9] [10] [11] . In this report, we describe an interscalene brachial plexus stimulating catheter that required surgical removal despite the absence of knotting. We speculate as to the possible causes of entrapment and suggest management strategies for the safe removal of peripheral nerve block catheters.
CASE HISTORY
Consent for publication was obtained from the patient. A 48-year-old man was scheduled for right total shoulder arthroplasty at St. Joseph's Hospital, London, Ontario, Canada under general anaesthesia with continuous interscalene brachial plexus blockade for intra-and postoperative analgesia. He weighed 72 kg and was healthy apart from hypertension which was being well managed. The interscalene block was performed prior to the induction of general anaesthesia using a GE LogiqE (GE Healthcare Canada, Mississauga, Ontario, Canada) ultrasound machine with a linear 6 to 13 MHz transducer and an Arrow Stimucath™ peripheral nerve catheter set (Arrow International Reading, PA, USA). The Stimucath catheter has an exposed tip of coiled stainless steel 0.5 cm in length; the remaining length of the catheter's coiled steel core is sheathed in polyurethane. The transducer was placed in a transverse orientation over the interscalene groove and the roots of the brachial plexus were imaged in their short axis. The block needle was inserted in-plane with the ultrasound beam, its tip was advanced in between the C5 and C6 nerve roots, and the catheter was threaded Perineural entrapment of an interscalene stimulating catheter S. D. ADHIkARY*, k. ARMSTRONG †, k. J. CHIN ‡ Department of Anesthesiology and Perioperative Medicine, University of Western Ontario, London, Ontario, Canada SUMMARY A patient undergoing elective total shoulder arthroplasty had an Arrow Stimucath™ (Arrow International Reading, PA, USA) stimulating catheter inserted in the region of the interscalene brachial plexus using an ultrasound-guided in-plane approach. There was subsequent difficulty in removing the catheter and traction was associated with painful paraesthesia in the patient's thumb. Plain X-ray revealed a hook-shaped deformity of the tip and surgical exploration was required to remove the catheter, the tip of which appeared to be trapped within the sheath of the brachial plexus. We speculate that the mechanism for entrapment in this case was deformation of the catheter tip into a hook-like shape. The subsequent catheter-neural interaction prevented asymptomatic removal. We recommend that removal of peripheral nerve catheters be attempted only after resolution of sensory block so as to enable patients to report pain or paraesthesia. Imaging with ultrasound or X-rays may help ascertain catheter tip location and confirm whether deformity is present. We also recommend a low threshold for proceeding to surgical extraction, particularly if neurological symptoms are present.
key Words: catheter, stimulating, peripheral nerve, complications 2 to 3 cm beyond the needle tip. Correct location of the catheter tip was confirmed by eliciting deltoid contraction with neurostimulation as well as by injecting 5% dextrose and observing its appropriate spread on ultrasound imaging. The operation proceeded uneventfully, following which the patient received a continuous infusion of 0.2% ropivacaine at 6 ml/hour together with multimodal oral analgesia (oxycodone 5 mg as required, paracetamol 4 g, celecoxib 400 mg and gabapentin 600 mg per day in divided doses). The local anaesthetic infusion was ceased on postoperative day 3. Once normal sensation of the upper limb had returned, removal of the catheter was attempted. The catheter could not be withdrawn and traction was accompanied by pain and paraesthesia in the patient's right thumb. The patient's symptoms and difficulty in removal persisted despite the injection of 5 ml normal saline. A plain X-ray of the neck showed that there was a 20 to 30° bend in the catheter 2 to 3 mm from the tip (Figure 1) . A decision was made to surgically remove the catheter under general anaesthesia. Starting at the insertion site, the catheter was gradually dissected free from the surrounding tissue. Intermittent attempts were made to remove the catheter by gentle traction; these however, proved unsuccessful until the sheath of the brachial plexus was reached and incised, upon which the catheter came free. The coiled stainless steel tip was noted to be bent, in keeping with its appearance on X-ray. The wound was irrigated and closed and the patient was discharged from hospital later that day. He complained of mild paraesthesia in the palm in his hand, but this had resolved by the time of follow-up four weeks later.
DISCUSSION
Difficulty in removing peripheral nerve catheters has generally been associated with knot formation in polyamide non-stimulating catheters advanced 8 to 10 cm beyond the needle tip [1] [2] [3] [4] . None of these cases, however, were associated with neurological symptoms on attempted removal. A literature search revealed seven other published reports involving 14 patients of entrapped catheters that were not knotted [5] [6] [7] [8] [9] [10] [11] . In the vast majority of these reports, as well as ours, attempted removal was associated with painful paraesthesia, suggesting that the catheter was entrapped in neural or perineural tissue.
In our case, the most likely mechanism for entrapment appears to have been the kinking of the tip into a hook-shaped deformity, and subsequent interaction with nervous tissue of the upper trunk of the brachial plexus, as evident on imaging (Figure 1) . Our attempt to demonstrate the ability of this particular type of deformed catheter to physically hold an object within the coils was also successful (Figure 2 ). Bowens et al 5 described a similar case in which the tip of an interscalene catheter became hooked around the C5 nerve root; however this involved a non-stimulating polyamide catheter. So it is still unclear whether only stimulating catheters with malleable metallic elements are prone to kinking and hook formation.
Another contributing factor may be the in-plane catheter insertion perpendicular to the long axis of the nerves, which is often favoured in ultrasoundguided techniques. This approach was used in nine out of 14 of the previously described cases 5,6,8-11 . We 
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Anaesthesia and Intensive Care, Vol. 40, No. 3, May 2012 have observed that this often results in coiling or kinking as the tip abuts the fascial sheath enveloping the nerve, even if the catheter is inserted only 2 to 3 cm beyond the tip. For this reason, we suggest that practitioners using the in-plane ultrasound-guided technique should consider advancing the catheter only 1 to 2 cm beyond the needle tip and stopping if resistance or paraesthesia is encountered. A shallower needle trajectory and an out-of-plane approach in which the catheter is advanced parallel to the nerve or plexus may reduce kinking and coiling, but this requires further investigation.
It is also notable that all the cases to date of catheter tip entrapment, including ours, have involved the brachial plexus (11 interscalene 5-8 , three infraclavicular 9-11 and one supraclavicular 8 ). We speculate that the complex branching structure of the brachial plexus may increase the risk of this complication compared to single peripheral nerves.
The other common factor in all but one of the reported cases is the use of the Arrow Stimucath catheter. Abrahams et al 8 have suggested that the unique design of the Arrow Stimucath catheter with its exposed coiled steel tip may contribute to entrapment. Tissue may become physically trapped between individual coils, particularly if these become deformed during insertion or attempted removal as in our case as well (Figure 2) 6 . This bare metal surface has been shown also in an animal model to adhere much more strongly to surrounding tissue, requiring greater force to remove compared to other designs 12 . This mechanism of fibrinous adhesion has been implicated in one clinical report 11 in which an ambulatory catheter was removed only two days after the local anaesthetic infusion had stopped. The authors postulate that the absence of fluid infusion from the tip may have promoted the development of adhesions and therefore recommend that all catheters be removed promptly.
Attempts at removal of entrapped catheters, particularly if they are associated with neurological symptoms, carry a significant risk of nerve injury. Boezaart et al describe a patient who suffered permanent injury to the C5 and C6 nerve roots after having an interscalene catheter forcibly removed despite the presence of radicular pain 13 . Transient (less than one month) neurological symptoms were observed in our patient, as well as in two of the published cases, despite careful extraction 8,9 . We therefore recommend that removal of peripheral nerve catheters should be attempted only after resolution of the sensory blockade, so as to enable patients to report pain or paraesthesia. If the catheter cannot be removed by gentle painless traction, the following measures may be helpful. Plain X-rays or fluoroscopy (with contrast injection for non-metallic catheters) can help determine whether there is knotting, kinking or other deformity of the catheter; ultrasound imaging may be able to ascertain tip location, either by tissue movement on traction, or by fluid injection; injection of a 5 to 10 ml bolus of saline through the catheter may also help dislodge the tip. A reverse Seldinger technique using either a 16-gauge angiocatheter or a tissue dilator from a central line insertion set has been suggested as one method of removal 7 . However, there should be little hesitation in proceeding to surgical exploration and extraction if these attempts fail.
Corrigendum
Explanation for similar data and text in: Anaesth Intensive Care 2006; 34: 46-50 Performance of three systems for warming intravenous fluids at different flow rates Satoh J, Yamakage M, Wasaki SI, Namiki A It was recently brought our attention that there are certain similarities between a paper published in Anaesthesia and Intensive Care 1 and one previously published by the same group of authors in the Journal of Anesthesia 2 . On examination we found a number of similarities in the data and a substantial degree of textual overlap. We requested clarification from the corresponding author who promptly provided the following explanation:
"This study published in Anaesthesia and Intensive Care was based on the same concept and idea of the first experiment published in the Journal of Anesthesia. In the first experiment, we compared four kinds of fluid warmer including a conventional dry heat warmer, Meditemp II, with rather low flow rates at six points up to 3,000 ml/h, and we showed the characteristics of this equipment in the first paper. In the second paper, just after the new dry heat plate warmer had been available to use clinically (Meditemp III), we re-analysed the equipment at rather high flow rates at 13 points up to 6,000 ml/h, and we concluded that Meditemp III was the best for warming fluids at high flow rates. We did not use the same data in these papers. However, we regret the fact that we did not make it clear in the second paper that we had done an almost identical study before, and that we used much the same text for the second paper as well."
